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INTRODUCTION

The importance of ultrathin sectioning to electron micro-
scopy of biological material, particularly whole tissues, was
recognized more than a decade ago by von Ardenne ('39),
who at the time devised techniques for cutting thin wedge-
shaped sections. Thereafter progress in the development of
better procedures was slow until relatively recent years when
a number of discoveries bearing on embedding matrices for
the tissue, cutting edges and mierotomes have combined to
make the procedures practical and effective. Thus, for em-
bedding the object to be sectioned, the methacrylate plastics
(Newman, Borysko and Swerdlow, '49) seem to have replaced
other material such as paraffins or paraffin-celloidin combina-
tions. The glass knife (Latta and Hartmann, '50) has found
some favor over the specially sharpened steel edge and already
a number of microtomes or modifications of previously exist-
ing microtomes have been found capable of cutting adequhly ’
thin sections (see Fullam and Gessler, '46; Pease and m :
’48; Newman, Borysko and Swerdlow, '49; Hillier and Gett
ner, '50; Geren and McCulloch, '51; Cocks and Schwartz,
Watson, '53; Sjostrand, '53). It is the purpose of thix
to describe two additional microtomes and to point out
tain of their virtues and accomplishments. We wou
consider their description important if they had v

685




e, BEITH B PORTER AND J. BLUNM

e sodd vae-balf vears of iaboratory use succeeded in two

MR tant rospevtas : {a ) in consistenth providing ribbons and
Beselore serial sevtions approximately 50 mu thick (or ore
o fwa iF desired ), and (b) in performing satisfactorily in
Ihis whad other laboratories for a number of persons who had
it Bad macl peeviots A Perieiny

With these muerotomses aud the supplementary procedures
fRftwally avairlabhk Hitrathin seclioning seems to Us as
strmightiorward snd productive for its UWh purposes as see-
tering trom parafin or celloidin is tor optical lni\'l‘n\(‘up_\'.

The iustrunwsnts to be deseribed have two features which
Wiy than anv others sl H‘*!"'lhil»iv for their successful
et el ranty irsl, the bloek from which sections are h(‘illg‘ cut
Psses the knife only on the n‘uHiua stroke, This ('lilllill(‘lt('s
the temdency otherwise encountered for the face of the block,
9% e return stroke, to pick up the preceding section, a
tetdeney expe cially pronounced with microtomes in which the
bioek is continuously advanced tow ard the knife. It prevents,
SOTeOver, contamination and possible compression of the
ek face. The values of this “*single-pass ™’ design were
demonstrated by an earlier model of microtome bujlt by one
oF s (J. B} (see Claude, 48) in which the specimen was
tastened to the edge of dise or wheel and revolved past
the knife. This construction has since been duplicated in
.i:»-ts:;!:‘n-n!~ deseribed by Gettner and Ornstein (93), Wat-
soft {'53) and Sjostrand ('53). While the revolving dise is
WOt & component of these new microtomes dvscrilw\d below,
the same "~mzlv-p:|s‘\" motion of the block is achieved by

other means.

A second siguificant feature of the microtome is the essen-
Eml .'tl‘t\c‘ni'c‘ of oil-lubricated surfaces in the moving parts
Thus in Operation there are no oil films to stabilizeoor con:
\\r-rm-f_\’ 10 vary in thickness. Certain other structural aspects
of thA.- Histrument which doubtless contribute to its useful
fum'umu.ug 4re mentioned in what follows.

The mierotomes to be described (especially the one referred
to as the improved ! model) resemble in :eome features the
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Cambridge Rocking Microtome which has long been used in
the preparation of sections for optical microscopy and more
recently for electron microscopy (Bretschneider, ’49). The
design of the latter instrument does not, however, provide

Fig. 1 Side view of microtome constructed as uxpcrimlvlr;?:\l. u:lorc;t;:.“ "Tll'n:“:x‘:rlrll‘
zontal bar (A) which has a specimen hulﬁlcr at uue’c:\.d ( ').lnsl - (,(.N"tm:_
past the knife and bath (O) by a cunne‘cnng shaft ,.(l:) a';‘t,.u ]u;: ;n‘ws e
The motion is actuated by the h:lud«.lrn'cn whm-l.\hil.t l:i::e Sw e
(J) are respectively coarse and fine adjustments designed to

i ick secti ‘hen cutting ultra-
the specimen block for trimming and cutting thick autmns.l \\:lit‘ll' g gr o
. : Y i » r A » *
thin sections the specimen is advanced toward the knife b.\. 1t |u ug X mb“a : At :
The il e n sefu observing the quality o
i ing micros 1 lamp are useful for . . f .h
> dissecting mieroscope anc 4 acetone in receivin
ht'( they leave the cutting edge and float out on 10% acetone o £
sections as A

bath (O).

RS ok
for cutting sections thinner than 200 mu.., st:m:;);:t t;t;se:;tf
also the microtomes reported on }.mro‘ mfl .L.h e
strument, devoid of movable beurmgs, “.n(H S‘ b
in experimental stages of (!tyx‘lstf'uctl()n ml 1(;51. ey
laboratory (University of Washington) in 1ol
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spectmen was supported on the end of a bar and brought
past the cutting edge by simply fexing the bar. It had no
provision for svolding the knife on the return stroke and

for this and other reasons did not prove satisfactory in its

o Frontal lateral

view of microtome to show especially the pivot mount

the horizontal bar and the guide (G). The rectangular pivot
*k (N} is supported by n pair of pivots, one in from (D) and the other directly
a pair of pivots arranged vertically under (C) supports the

horizontal bar. The former pair of pivots provides for the vertical
tting and return stroke. The latte

horizontal motion of the b
the knife on the return stroke.

'h any position it is placed.
guide (G, whieh

baek end of

BpoRite {."\«ﬂ;w
ek end of the

tien of the bar and so the ey r or vertical pair
ar and permits it to be
Friction at the pivots holds
This accounts for the effectiveness of the
takes the bar to the left at the bottom of the down or cutting
it remains on the up stroke until guided back to a position over the
The glass knife is supported in a stout brass bar (H) by a elamp that may
be tightened by the serew on the right-hand end of the bar. The knife holder i.s
held rigidly to the base by a clamp actuated by lever (K).

Pivots (¢ provides for the

swert to one side of

the bar

stroke where
knife,
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Description of the prototype. The experimental model and
prototype for the later model is pictured in ficure 1. The
working parts are built upon and fastened to a 4-inch I beam
which gives to the whole mechanism an essential degree of
rigidity. Above this base and horizontal to it is supported
a 5/16-inch duraluminum bar (fig. 1, A). One end of this
bar (fig. 1, B) is designed to hold the specimen while the
other end is supported in a double set of pivots (fig. 2, in
from C and D). These latter provide for the vertical and
lateral motions which the rod must make when it is activated
by turning the wheel at E (figs. 1 and 2) and they are kept
j\.lst tightyonough with set serews (fig, 2, &‘ and D) to create
sufficient friction to hold the bar wherever-it is gnided. An
eccentric (not visible) and connecting rod (fig. 1, F') move
the bar vertically and the frame immediately back of. the
specimen holder (fig. 2, G) guides it lat(-ra'll_v. The spcmmep
holder (fig. 1, B) is built like a chuck.and is designed to take
plastic blocks polymerized in 00 gelatin capsules (8 mm (f'_d.')'
This chuck is in turn supported in a ha]l—and-:«)ckot joint
which allows the axis of the holder and the }‘)la‘hstm‘-mnl»oﬁdf:l
specimen to be oriented at any ang_le up to 30° with respeet
to the longitudinal axis of the horizontal rod. s

The knife, in this case glass with an angle of 4.‘) :?)t }]“)
cutting edge, is supported in a st.out brass ru(? ;f:f:.n;.c(m—
which is in turn held at each end in sturdy “pl“]g l; n here
ventional design (Spencer microtome). The onn.xfnf( l:) L
is similar to that described b'y Latta and. I‘lla'tjt}nhitlllt!to <'lid(;
The uprights are continuous with a bas«? which ;; uilt {mw

= - fise e mierote

long a short track running lengthwise (tn b screw
ki oh this motion, controlled by a thumb

B Thmu: ‘h knife edge may be advanced to the
e 1' f:}ll]d “Iaqlt);( thl‘i)('k A second screw at (J) works a
face 0F Whs P ot yrovides for a more
lever with a ratio of 'ahnut .:}to klnizz‘:dﬂl):(ﬁnal it o
gradual forward motion 'of l(“ e Cani A
the block and cutting “ll(“kf’l‘ 'W(“fv')‘]‘,(,lldq g e gt
controlled by the bar at (I§) (fig. -] 4 ;'ut

tight to the base when sections are being cut.
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In this musdel of the mierotome the specimen block is ad-
vaneed toward the knife by thermal expansion of the hori-
sutal pivel supported rodd (fig. 1, A). The source of heat
enn be varied but in our experience a 60-watt bulb in a goose-
seel reading lamp at about 4 inches from the bar is all that
is neevssary. Any eleetrie coils or heating ribbons attached
b the bar are lLikely to interfere with its free motion and
thus with the operation of the microtome. An infra-red lamp,

Y
-

Fig Proutal-lateral view of derived and ‘“improved !’
il & : :

The general features of design are similar to those
Exreption is the addition of a

ment of the SPoeime

model of mierotome.
of the prototype. The single
rather than thermal advance-
this shown in this photograph

deviee for mechaniea)
B toward the knife.
inelude the rectangular Y

SPponite side. This Y

Features of
(L) whieh is supported hy
carries the pivot mount (N) of the horizontal bar and

d motion of the bar as shown in detail in figures 4A and
tails are obvious and are labeled as in figures 1 and 2,

Pivots at (M) and on the

4B, Other stroetural de
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if adequately shielded from the base, may be used but has
no great advantage over the reading lamp as a source of
heat. The essential thing of course is that the bar be heated
and not the base or at least that they be warmed differentially.
The mounting for a dissecting microscope as illustrated in
figure 1 is not an essential feature of the instrument although
some form of magnifier which can enlarge the cutting edge
and sections 6 or 8 times is valuable. Such a magnifier ecan
be just as well supported from an independent base. :
The derived and ““improved’ model.* A mierotome of simi-
lar design is shown in figure 3. It was con.struoted as an
“improved’’ model of the prototype alth(.m_gh in ?erms of sec-
tion quality it has not produced anything dlstx.nctly better
than the original. However, certain features of its construe-
tion make its operation more automatic and less dependeqt
on the personal factor of the operator. It has, for e?(z'lmple,
a more sturdy mount for the knife and glso for the' pivots a(;
the back end of the instrument. The h(.)rlz(.)nt.a] bar is tap.ere. .
and presumably less responsive to intrinsic and 'GXt]m-l'SK
vibrations. The major difference, however, is the tnc usu:::
of a component which mechanically a.dvancesyth}? .\pec;)rlr:c :
toward the knife. It consists in tl}e main of a Y-s ;p‘ed s
(figs. 3 and 4, L) suspended in plvqts (M). .Tht’f htuhm uniA-
in t;‘cs arms the pivot block (N) “’h“‘;h prox:ldesf Oirvr;t: (M)
versal motion of the b&}ll’. Tt}}]:; :;uiti:fiisep(ﬂg"; (\)v hipch sl;;)port
are soraBge SUEMHY ST . fi ‘4 | The outside pivots
= r?CtangUIar pl;'O]tcsllzf ]\at(x(zf )an(y g’mot)ion of th'e b9ttnm (_)f
vonsiitute taen & = - he longitudinal axis
y < rard or backward along t g 4
the Y block forwar oot the bar (A1 e
of the microtome advances ?r ;‘e T \f e hl
between the length of t'he o & | "0“: ( 3 and ) Iy B g i
the distance between pivot ce nte:;xla;l forward motion ot e
(200: 1 in this model) so that a small fornsee '83ECE CCLEl
bottom of the Y advances the Spof tha hottom ol &t B
only 1/200 as much. T.hxs {notxon i e Y oith Snely
y < : ; engaging it (at R in fig .
T is obinines b)(g)g“iich is turned slightly with each up-
threaded screw .
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arises s pivat block (N) and, with its vertical ex.
tebmion, hﬁ::&:: the motion of the horigontal bar. This

S

m&h ponsists of an arm (fgs. 4A and 4B, T) which

»n .1;““‘ tﬂ W el “ﬂlﬂ .l fronl and sids views of advancing mechan

wand m of the horisontal bar. The mechanism accom.

W whiah s part of melcretemse pietured e fgure A 1L s desigued to ud'uuu
e b i § bt *“ & A M m“’ wven tneroments of D088 4 or mu "Plﬂ
o e s Al fhe moving parts sre supported in pivots which, by means of
ot seremn, are Bopt ight anough to elimiunte all play. The single bearing in the
dvnneing weehaniem that bs not pivetal (Rg 418 H) s under the sonstant tension
i speing }
‘&::m ot n:::‘ﬂm (M) s Baed in the back custing of the mierotome and
spperte the miaageler ¥ (L), 1 in turn holds i it upper arms a rectangnlar
Bk (N0 by bestsosial pivats (F') whieh permit the block to tip from the vertieal,
Fhe positinniog of this tatter pair of pivots (') slightly bolow the fixed pair (M)
pormite the Bloek and the harisental bar 1t supports to he swung slightly forward
o Bashmard foum the pasition of pivots (M), 1t is by way of this motion that the
Spesiamas i advanenl toward the sutting odge. Within the frame of the tectungular
Bk (N the back end of the horisontnl bar CA) s supported by a pair of
Serbienl plests which ohviously allow the bar to swing In & horisontal plune,
Thew thoew awts of pivats provide then for the end-to-end, horisontal and vertieal
Wokions of the bar wnd, aecnrdingly, the specimen,

The vest of the doview in designed to move the specimen at even inerements
Semned the huite. T8 eun be woon that the shaft of the roctangular Y extends down
b and sngnges & serew (B) which in supported in pivots parallel to the midline
of the lnstramant. The engnging tooth (R) i kept in contaet with and in uniform
mintion th the thrend of the serew by the eoll spring (Mp,) and the fiber bloek
(8. As the serow is rotated, the nem of the Y moves forward and the vectungular
hiowk shove (with the bar snd speeimen ) moves in the same direction npproximately
LB as mueh. Bines the pivats (') deseribe an ave in their motion with renpoct
th the center of pivels (M, it i obvious that ihe forward motion of the block
W prajection of the are 1o the horigontal, and that sections oul with the en
FAEing tosth at either ond of the servew will he slightly thinner than those eut
(W8 the saime setting) with the engaging tooth at the center. The difference in
thickness s wot tikoly to exened, however, that introduced by temperature vavia-
Homn and ather instramental factira,

The rotution of the serew is controlled by w ratehet dovieo (W) hiilt eo-axial
Witk the serew and in part rigidly aMxed to it, The ratehet wheol is turned hy
& pawl (), which in turn e Actunted from u bar () which is parallel to and

o the motion of the cutting bar (A). The amount the ratehet s rotated
"y be varied from ane to several toeth by the presence and control of a Hmiting
dine (LD} amd pawl (11,) whieh ridos on it, With the eontral bar (CB) far to
Whe right, the pawl (11,) iy Testrained from engaging the rtohot by pawl (11,)
SR I, (1), le wimast 8t the ond of ite Hange of motlon and so moves the ratehet
saly the elroumforonting distanos oeeupled by one tooth, With the sentrol by

(W) far 1o the lott ‘: St wny intermadiate point the movement of the ratchet s
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souneets with and acutates a pawl (fig. 4A, U,) which in turn
engages & toothed ratehet wheel (figs. 4A and 4B, W) and
turns it and the serew an amount which can be varied from
ane to several ratehet teeth (see fig. 4 legend). Thus it is
that the specimen in this model may be moved toward the
knife as little as 0025 5. An even smaller forward motion
could of course be obtained by increasing the above ratio,
by reducing the pitch of the screw or by turning the serew
less with each section cut. Sections thinner than 0.025 u are
seldom needed, however, and are difficult to cut from plastie
blocks in any case.

The knives we have used have been obtained commerecially
from the Aeme Glass Co, Cambridge, Mass. They have been
eut from window glass, 3/16 inch thick, in the .shape of a
rhomboidal equilateral parallelogram with the acute angle
{(eutting edge) at 45°. They are approximately two inches
on a side, .

Microtomy. In the acquisition of suitably thin sections
t.ho t?ﬂalit}' of the microtome and the cuttix.uz edge are 0;‘
h;:t amport'am-e. Besides these, however, a certkain miscellany
:ndfat( }::::ﬁl‘::oli\:i“l? mwr(?tom_v may inﬂuence the results

deserve a brief consideration. Examples of
su.ch factors are the hardness of the plastie, th % §
tnlmmc-d and the rate of cutting. e g

. R 2 :

S :lll;: xl::i::::o:h: 1;}; t:l: m;‘c;lotome herein d?scribed and
- mt‘thacrvlate’ determgi e 0 at:dness (or bl:lttleness) of
e sy Ifn:}S, certam. charactejnstics of the
e sho\% > le block is ex.c.esswely hard the
B s o .bandq - \l(l) v spz}ced striae (see alternate
high-frequency \’ihra;t' cﬁ‘ HUCIel'.ﬁg' 8) resulting from a
e et s 1on (“‘chatter™) at the cutting surface.
s T seems to oceur in the plastic block rather
any component of the microtome b i
of softer consistency give littl R g
s e ¢ or no trouble in this regard,
it s - the’ dem::wxse cut smoothly, the striae are
ko d . nser components of the tissue such as
§, nuclei or osmium-fixed lipid inclusi
sions. The

e AP T e 4 modia s S
R Bk i S
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excessively hard block is troublesome in a further m
for it considerably shortens the useful life of the glass mtﬁag :
edge. The unusually soft block has not been so much of a
problen.l although it has been noted that serial sections are
more difficult to cut from such embeddings. This appears to
result from the ease with which such blocks are distorted
by the knife. i

In this laboratory consistently good or satisfactory em-
beddings of soft animal and plant tissues and pmtoma; have
been obtained with pure n-butyl methactylate catalvzed to
polymerization by a compound known as Luperco CDB (pro-
duced by Lucidal Division, Noradel-Agene Corp., 1740 Mili-
tary Road, Buffalo 5, N. Y.). This catalvzer, which is a 1:1
mixture of 24-dichlorobenzoyl peroxide and a plasticizer,
dibutyl phthalate, is used in concentrations of 2gm (wet
wt.) per 100 em® of monomer. Care has been taken to avoid
uncontrolled water contamination of either monomer or cata.
lyst by allowing containers and contents after refrigeration
to reach room temperature before opening to room air. The
amount of catalyzer may be varied but the hardness of poly-
mer diminishes slightly as more of the plasticizer is included
in it. As reported by other workers (Newman, Borysko and
Swerdlow, '49), we have found that small percentages (5
10%) of methyl methacrylate mixed with the n-butyl increase
the hardness of the block and are useful when an unusually
dense or hard material is to be sectioned.

The schedule used in embedding, following dehydration of
the tissue, has been as follows:

From absolute alcohol the tissue is transferred to absolute
alcohol and n-butyl methacrylate mixed in equal proportions,
After one hour there it is taken through three changes *"","EJT‘
pure n-butyl methaerylate, spaced over two and hall
hours. Thence it is placed in n-butyl methacrylate 4 catulyst
at room temperature for one hour, and finally into fresh
n-butyl methacrylate - catalyst B b
temperature) illyoo gelatin capsules. The capsule - m”

close to the top as possible to reduce the relative volume of
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enclosed air. Polymerization is earried out at 45°C, and is
essentinlly completed in 24 hours. The hlock’ seems to harden
somewhat during the next 24 hours, so sections are not gen-
erally eut until 48 hours after the reaction has started.

As the first step in sectioning, the gelatin of the capsule
is removed by soaking it in H,O. Thereafter the plastie block
is placed in the ehuck of the microtome so that about one-
quarter inch of it projects heyvond the face of the chuck. The
convex surfaces of the block are then trimmed with a sharp
and elean ragor to give the tapered end 4 faces. The taper
i» made abrupt so that the cutting surface, which is kept
small (1.2 mm square), is well braced against distortion. The
top and bottom margins of the sectioning surface are kept
parallel to give a straight ribbon of sections. With the block
in place the front face is trimmed back to the tissue by cutting
off several thick sections with the glass knife. For this the
knife is advanced to the tissue by turning the bottom screw,
at J in figure 1 or 3.

When the trimming has been completed, thin sectioning is
started and the block is advanced toward the knife either
thermally or mechanically depending on the microtome used.
Auy strine that appear in the sections may be discerned under
the dissecting microscope. The coarser of these running cross-
wise of the section represent compression waves and foldings
which will usually come out if the section is allowed to float
fnr a few minutes on the surface of the 10% acetone used
in t‘h« section-collecting bath (fig. 1, 0). The development
of finer striae can sometimes be prevented by moving the
face of t!w bloek more slowly past the cutting edge.
on:f::ﬂ":::\: :?itlhto cut aﬂ desired, the reason is sought in

' the following sources:
Ofl'.hi':‘h:m(;n;:;i ::‘hlz: rtl;]ay be insufﬁci.ently sharp. Evidence
! e form of knife marks or scratches
which run lengthwise through the seetion.

2. Either the knife or the plastic block may be loose in its
holder. :

MICROTOMY FOR ELECTRON MICROSCOPY

3. The face of the block may be rubbing on the back fac
of the knife below the cutting edge. This means that the
angle between the knife back and the vertical plane of the
block face at the point of sectioning is not the 3-5° that is
best. ;
4. The pivots providing for the support and motion of the
horizontal bar may not be adequately tight. ;

After the sections have rested on the surface of the bath
(fig. 1, O) for one or two minutes longer, they are picked
up on collodion-coated copper grids 150 openings to the
inch). This is done by a spooning motion in which the grid,
while held with fine forceps, is placed under the floating
ribbon and then lifted out of the bath. The.grid and sections
are then drained on filter paper and when dry are ready for
examination.

Section thickness. As they leave the euntting edge of the
knife and float out on the 10% acetone in water, the sections,
when properly lighted, display first order interference colors
that serve as an index of their thickness. Thus sections are
referred to as green, blue, purple, gold and silver and’lra
progressively thinner in that order. Sections of any desired
color may be obtained while the horizontal rod is thermally
expanded by simply controlling the rate of cutting.

The range of thickness from purple to silver has been found
most useful in electron mieroscopy. Determinations of actual
thickness provided by metal shadowing of t.he. lateral margins
of the sections show the silver ones to be in the range of
90-50 my, the gold 50-80 my, and the purp.le 80—1.‘.30 mu. The
color analysis of thickness is quite sfubjectlve hut is sufficient
for the practical purpose of deciding vt'hether ntinfwtmz
sections are being obtained. With the derived or “W "
microtome (figs. 3 and 4) the advancing ‘mechamsm may h
set so that consecutive sections 25fmu thick or multi‘phg

is up to 400 my come off the knife. )
thllzeszl:lts. Sinceuthe worth of a microtou;!e is largely d 0
mined by the quality of smtions. it cuts, it seems impo
to provide some evidence of this quality. ‘Sm vl
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recently published or in press from this laboratory contain
mierographs of tissue sections ent by one or the other of
these instruments (Palade, '52b; Porter, '53b; Fawcett and
Porter, '53; Robinow, '53). For the most part these have
been taken from isolated sections the like of which may be
obtained with several mierotomes designed for thin section-
ing. A more exacting test of the worth of a microtome is
whether it ean eut a series of several sections of uniform
thickness and free of marked distortion.

Put to such n test the instrument described above (fig. 1)
has provided material for the micrographs shown in figures
5 and 6. If eare is given to trimming the block, to operation
of the mierotome and to orientation of the ribbon on the
specimen holder, preparations of serial sections can be made
routinely.

As is obvious to anyone who has attempted the preparation
of serial sections for electron microscopy, there are several
diffienltios apart from the section cutting. Chief among these
are (a) the relatively small area of the specimen (ca 1 mm?)
that may be examined in some electron microscopes and (b)
the fact that only a small part of the specimen grid itself is
open and so available to study.

The first of these difficulties may be met by keeping the
l('m{ﬂil of the sections very small so that any series to be
examined will not occupy more than 1 mm on the grid. This
15 accomplished by reducing the dimensions of the cutting
face of the block so that 5 to 10 sections are contained in that
length of ribbon.

The se(:onfi difficulty, i.e., the interference of the solid parts
of the grid, is n.nt 80 readily overcome. One might reasonably
make the §m‘tmn length a small multiple of the spacing
::;,3;; (;;(:enm:zs,l:eo that the same part of the sectioned tissue
neeessarvmic;x :ch;z v(i);Prt }?.pextl areas. It un]d of course be
parallel to the soiid sgtrari?i Ofmt.lhfmt t?e o sectu.)ns
to the problem, however, is ’tsoo L P e i

i ado

t a form of speci ?
port, at least as p specimen sup

far as the opening is concerned, provided
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with the Philips, EM 100. It has a slit, 0.2 mm wide and 1.0
mm long. Sections 50 to 100 my thick will remain intact over
such an opening when they are exposed to the electron heam,
provided they are supported on a thin collodion film. Slits
of this same sort can be cut in copper foil dises sized to fit
the holder of the RCA microscope. With such specimen
holders the ribbon of sections must still be oriented parallel
to the long axis of the opening but this is quite simply ae-
complished under a dissecting microscope. In preliminary
trials as many as 6 successive sectiogs have been studied.
A series of 4 is shown in figures 6A to 6D.

The micrograph in figure 5A shows a section through a
binucleate mucous cell of the rat parotid.. The plane of the
section is oblique but more nearly transverse to the cell than
vertical. Secretory capillaries (se) are evident at the left
and bottom margins of the cell with remmnants of muein
granules clustered about them. The nuclei (n), mitochondria
(m) and the relatively homogeneous matrix of the eytoplasm
are readily identified. Besides these there are present numer-
ous ‘‘elongated elements’® and many “granules:' (f}gs. 5A
and 5B, er). These vary from 50 myu to 150 mp in diameter
and much more in length. When they are examined carefully
they are found to have a relatively ‘“transparent’’ c:entcr
bounded by a single dense line apparently repres'wntmg a
membrane. These elements of the cytoplasm are eam'ly reeog»
nized as the equivalent of an endoplasmie retienlum l'ndleuted
previously in cultured cells (Porter and Thompson, 48) and
identified with the basophilie comp;n;mt of the eytoplasm

alade and Porter, '52; Porter, *53a). .
(PIn thin cultured cells, where the system 1s spread out more
i b, i be seen to consist of a retieulation
nearly in one plane, it can be ‘ . =
of strands which are frequently vesfcn!a(ed@ However,
form varies greatly and sometimes includes dnumh'm -
in thin cells are correspondingly ﬂat%m?d. In oy r f“ i
study of this endoplasmic reticulum it is imz:;ﬂ:ﬁ
termine its three-dimensional form in cells fix
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their respective tissues. Obviously for this and similar prob-
lems serinl sections of the cells are essential.

From micrographs of such sections then (figs. 6A-6D) it
is ohserved that the syvstem referred to as the endoplasmie
retienlum is a complex of interconnected strands and sinu-
sededs, the latter tending to be flattened in one dimension but
ptherwise very polymorphic. At certain sites in this parotid
eell (g 5A) these flattened portions of the system are or-
gunized in parallel arrays but in other regions of the eytoplasm
the swyatem is represented by finer canalicular or vesicular
elements (figs. 5A and 5B). If the serial micrographs are
exmmined closely instances may be found where discrete
elements appearing as cross sections of canaliculi come to-
gether progressively into single elements representing either
longitudinal sections through canaliculi or, more likeiy, mar-
ginal sections through sinusoids (figs. 6A-D, er,). Also in
the same series, sequences are apparent defining arboriza-
tions of unit structures (at er,). In still other regions of the
c~;t-»;»lasy: {at 3 and 4) the only elements evident appear as
tiny vesicles or cross sections of canaliculi. Since certain of
these can be traced from section to section (at 3) they are
evidently segments of ecanaliculi. ;

DISCUSSION

This report has deseribed the construction and operation
f‘f two mierotomes designed especially for ultrathin section-
ing. It has al§0 presented evidence of their capabilities.
While these microtomes perform considerably better than
three others that have been tried there is no f'eaéon to su
2: that t:wyhemlmnt be improved upon. Howet:er the eI;

ence of the labor ]
adequate for eurrent ::*:dr: N e i e i

).nf as much can be claimed for the available knives, which
mfxsmutf- at present the chief limitation to the cut';.in of
thin sections. The cutting edges of glass knives occasiongall
prove to be excellent but just as frequently thev are wortlz
less because of defects which produce seratches in the sections.
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This variation in quality is doubtless related to the physieal
and chemical properties of the glass as well as to the way
the knives are cut, but unfortunately precise information on
such correlations is not available. We have not examined
the properties of steel knives which have been used for thin
sectioning by Hillier (°51b) and by Sjostrand ('53) among
others.
There is considerable value in having a mierotome which
can cut sections thinner than the 100 or 200 my previously
described as satisfactory. For example, sections 25 to 50 my
are indispensable for miecroscopy of the denser components
of the cell such as nuclei, chromosomes, volk granules and
intracellular fibers. Certain of these have extremely fine
micellar or lamellar structures which cannot be sufficiently
well resolved in thicker sections. On the other hand, when
one’s interest is focused on the general architecture of the
cell rather than on structures nearer in size to the limits of
electron microscope’s resolution, a thicker section, 50 to 100
my, is more useful. This is especially true in the serial see-
tion example presented above (figs. 6A-6D). What the mier.o-
graphs of these thicker sections lose in resolu.tion they gain
in “‘depth’’ of morphology depicted. There is, however, a
distinet limit to this advantage for in sections thicke!: than
150 my the overlapping of cell components and the diffuse-
ness of margins as a consequence of greater electron .800"@"
result in an abrupt decrease in the worth of the pwtm@
The micrographs of the very thin and to a lesser extent the
thicker sections lack the contrast shown by the 50 to 100 mg

companion of the several
croscopy. It has been dealt

sections. :
The problem of contrast is a

others invelved in thin section mi
with in several ways. Onme procedure has been to d;iud!n
ter shadow. This ob

out the embedding matrix and t'.herea.lf v, 1IN
viously makes for greater density differences in &o M
men, but at the same time, as Hlll:::f:;d (mm(m
indicated, it leads to additional a developmen
ously when the matrix is removed some of the M,
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’ : s of the tissue seetion go with it. Furthermore, as
the Husid air phase boundaries pass through the section in
drying, many of the elements of the cell are moved to the
larger flxed components by the forces of surface tension. It
fallows, therefore, that where reasonably faithful preserva-
tion of native fine structure is required the methacrylate
matrix should be left in place. Fortunately, the mass density
of the methaerviate may be sufficiently reduced by the more
ponveniont and less destruetive procedure of simply exposing
the seetion to the electron beam. Apparently some component
or sompenents of the plastic are sublimed off while the density
and distribution of the tissue elements are essentially un-
#ffected. Thus the contrast in the image is greatly enhanced
sl is entirely adequate if the objective aperture in the
meroscope s sufficiently small.

With adequate procedures available for the fixation (Pal-
ade, B2a), dehydration, embedding and sectioning of hiologi-
#al material for electron microscopy it is excusable to show

Ninee vhwiren wieroncopy of thin sections requires the use of apertures a fow
Botes From oue peactieal sxperience in this regard seem worth includinu.
h‘fs hive fonnd with the RCA EMU that n 85 4 objective aperture in a platinum
,,,,v::".‘y::t:.h adequate contrast with sections of average thinness (50 mu~
ol pening i smaller than the one generally used and may be trouble-
Rier when first installed. 1f, however, the orientation of the
WIth mspert to the pole pisee is recarded and the diaphragm is not be
Wiw matibated during elesning, it can often be replaced in the a5
e ur twe miner ad justments of the centering serews ‘
G390 mm and an wtvrmedinte 14 mm o .
Viewing wreen (supplied with EMU
thia Wiervaeope, ;

dinphragm
t or other-
column with only
; A condenser aperture of
.'nprnmg as part of the old intermediate
“H) are also part of the aperture setup in

b Y ed ith " j
t e 13 w th L iv
. "l“"t‘l’ l)hJ(‘(‘“\Q‘ ﬂpi"t‘"( ) thl Ll h‘tt(-l

Cantrast wine the ahove wet
Fh, Pivee and multiple apert
mediate lons) in snother mie

Up ix as effective as the newer wide-bore objective
ures (Hillier, 'Sl¢) that we have tried (with. ix‘ltor-
foscope of the same type. This latter assembly Hives

#e and is therefore valuable fo; tisaue:

of & 40 4 aperture in a Philips EM 100
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gome enthusiasm over the possibilities open to utwdcnh
cell and tissue structure. Many of the relatively static forms
and relationsghips of cells which heretofore have been hidden

just at or heyond the limits of light resolution are now being

studied. Even the more protean intracellular structures of

which several have defied optical analysis can reasonably be

explored. That such studies are both possible and productive
is amply demonstrated by current publications.

Ifar from being futile then, as once expressed by Hillier
(*51a), the analysis of cell morphology by these techniques
is a fruitful reality. It is true that to deseribe precisely the
fine structure of a single parotid cell would require the eutting
and study of approximately 200 serial séetions. However,
there would be little purpose in giving that much attention
to one cell, for it might conceivably be peripheral in the nor-
mal range of morphology shown by the secretory cells of this
gland. Tt is far better and easier to reconstruet a typieal cell
from the images of many presented at various angles and
aspects within a few sections of the tissue. Only in the analy-
sis of the form and structural relationships of small organ-
elles, as in the example presented above, are serial sections
essential. For this, however, the number required would not
be enormous. It should not be decided either that becanse a
structure is fixed or lifeless when studied, one cannot from
an examination of a reasonable amount of material recon-
struct in submicroscopic dimensions the story of it develop-
ment or change with functioning. These are processes which
can be related to some phase or eyele of change. known through
light microseopy of living material. All tha't is necessary for
their study is that the techniques of specimen preparation
and microscopy be sufficiently good and sufficiently simple
for observations to be made with reasonable speed and ae-

uracy. ;

: In {his report special attention has been given h; suh-
microscopic component of the cyt?plaam uferrulﬁh.:ﬂ the
endoplasmic reticulum. Besides illustrating the 1
sorial soctions it exemplifies a type of intracellular
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of intermediate fineness which heretofore has been just be-
youd the limits of direct observation,

This newly defined system of the eytoplasm is described
ahove as & complex reticulum of connected strands and sinu-
soids. Evidence has been presented elsewhere (Porter, "53a)
that the system ecoineides in distribution with the basophilic
somponent of the eytoplasm and it is assumed that it repre-
sents or s elosely associated with this component of cell
structure, It seems moreover to be the main component of
the so-called microsomal fraction obtained from cells by dif-
ferential eentrifugation. Obviously it provides the eytoplasm
with & membrane-bound system of relatively enormous surface
area presumably important to enzyme-controlled reactions.
There is reason to believe also that the degree of reticulation
and surface area change greatly with shifts in the physio-
logical .nctivity of the cell. Certainly in changes preceding
eytolysis there is a marked vesiculation of the system’s
-traudn and sinusoids. For a more complete discussion of
:h::‘ ;«yﬂvm in cells in situ reference should be made to Palade

SUMMARY

Tu'() new microtomes capable of cutting serial sections as
fhm as 25-50 mp are described. All moving parts in these
mstr.unwn.ts are supported in unlubricated pivots and the
Specimen is taken past the cutting edge only on the cutting
ntrnkcf. These two features more than any others seem re-
sponslhl.v for the successful performance of these microtomes
In one instrument, the prototype, the block is advanced t(;
the kx‘nfe by thermal éxpansion. In the other the advance-
ment is contro.lled mechanieally. Procedures im:olved in speci-
u;en prepa.rahon, especially those that influence the quality
of the sections, are also deseribed. Evidence of the capabili-

sented in micrographs of 4 serial
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